A recent study shows that, upon stretching or wounding, epithelia display a fast proliferative response that allows for re-establishment of optimal cell density or sealing of the wound. This increased proliferation is induced by the stretch-activated channel Piezo1 and involves calcium-triggered ERK signalling.
Healthy epithelia in our bodies are exquisitely homeostatic and maintain a tight balance between cell loss and cell replacement. In particular, sensing and maintaining an optimal cell density are very important to epithelial tissue function. Thus, mechanisms are in place to prevent tissues from becoming overcrowded. One key factor that prevents epithelial overcrowding is the membrane protein Piezo1, a mechanosensor that is activated upon cell crowding and induces cytoskeletal contractions that squeeze excess cells out of epithelial monolayers [1] . Because epithelia often form a physical barrier to the outside world or isolate the organs they encase, it is equally important that epithelial cell density does not drop, as there need to be sufficient cells to form a continuous layer and maintain epithelial integrity. This is particularly challenging during injury or infection, which can lead to a sudden and drastic loss in cell number. So, how do epithelia respond and adapt to quickly reinstate cell density? A new study from the Rosenblatt group shows that the very molecule that ensures that epithelia are not too crowded, Piezo1, is also responsible for preventing or correcting a loss in epithelial cell density [2] .
When epithelia undergo a sudden loss in cell number, such as during injury or wounding, rapid cell rearrangements and cell shape changes take place that allow cells to flatten and stretch so that they cover a wider surface, migrate towards the wound edge and rapidly seal holes [3] . It has long been known that cell stretching can drastically change the proliferative and survival properties of cells. For instance, two decades ago the Ingber group showed that stretching cells over a wider surface promotes their survival and proliferation [4] . More recent studies have reported that in fact cell stretching leads to activation of the transcription factors YAP and TAZ, which in turn promote cell proliferation [5] [6] [7] . The proliferative response observed in these studies took place several hours after a stretch stimulus was applied [5] [6] [7] .
In the new study, Gudipaty and colleagues from the Rosenblatt group discovered that epithelia also show a fast proliferative response to cell stretching, with a 5-fold increase in mitotic figures as early as one hour after stretching [2] . How could cells proliferate so quickly if normally the cell cycle takes several hours? The authors proposed that cells recruited to proliferate must have been in a phase of the cell cycle that is close to mitosis, i.e. in either G2 or M phase itself. Indeed, their hypothesis was correct, as they observed an increase in cells transitioning from G2 to M phase upon stretching. This effect was clearly dependent on Piezo1 activity, as chemical or genetic inhibition of Piezo1 drastically abrogated the proliferative response.
Piezo1 is a stretch-activated calcium channel [8] and the authors found that calcium signalling is key to the stretchinduced proliferation, as calcium signalling inhibitors abrogated this response. So how does calcium signalling promote proliferation of stretched cells? Gudipaty et al. [2] report that a key mediator is extracellular signal regulated kinase 1 (ERK1), a calcium-activated kinase known to play a role in controlling the G2/M transition [9, 10] . The authors showed that activated, phosphorylated ERK1 could be detected within minutes of stretching and its inhibition was sufficient to block the rapid proliferative response.
Thus, mechanical stretch via Piezo1 causes calcium-dependent activation of ERK1, which promotes the G2/M transition, causing a rapid burst in cell divisions ( Figure 1 ). Interestingly, the authors report a spike of calcium signalling in G2 cells just one hour prior to cell division. A tantalising hypothesis is therefore that calcium influx mediated by Piezo1 could provide a signal for G2 cells to enter mitosis. It would be interesting to test whether only cells in G2 undergo Piezo1-induced ERK1 activation, or conversely whether Piezo1 induces ERK1 activation throughout the cell cycle but ERK1 can only promote entry into mitosis in G2 cells.
An interesting question arising from these observations is what is the nature of the G2 cells that proliferate upon stretch? Do confluent epithelia maintain a pool of cells arrested in G2 as a reservoir for rapid adaptive response to mechanical damage? This is an intriguing possibility. Alternatively, these might simply be cells that were progressing through G2 anyway and that undergo a rapid G2/M transition in the presence of a Piezo1-induced calcium spike.
Epithelia therefore appear to have a two-speed proliferative response to cell stretching: a fast response mediated by Piezo1, and a slower, perhaps more sustained, response orchestrated by the mechanosensing pathways that control YAP and TAZ [5] [6] [7] . Are these at all linked or coordinated? Interestingly, Gudipaty et al. [2] report that Piezo1 silencing also drastically reduces proliferation in confluent steady-state epithelia, where the coupling between density and proliferation is normally controlled by YAP and TAZ [11] . This suggests a more general role of Piezo1 in promoting proliferation and also hints at a possible coordination between Piezo1 and YAP/ TAZ activity. The authors point out that this hypothesis is consistent with the recent finding that tension-dependent YAP nuclear translocation requires Piezo1 in neuronal stem cells [12] .
The unexpected picture emerging from this work is that remarkably Piezo1 is entrusted with two opposing functions in epithelial cells: to extrude excess cells in overcrowded epithelia and to generate new cells in epithelia that have reduced cell density. What would be the advantage of employing the same molecule for these opposing tasks? One fascinating idea suggested by the authors is that this would act to buffer the control of epithelial cell density from mutations, as changes in Piezo1 activity would affect density sensing both during crowding and during stretching, resulting in a zero-sum game.
From a mechanistic perspective, however, it is not obvious how the same signal -calcium influx -can generate such opposing responses. Several explanations are possible and are not mutually exclusive. Firstly, as the authors suggest, crowded epithelia may contain a lot of old and post-mitotic cells unable to proliferate in response to calcium. Proliferation might just not be an option for them. Secondly, the authors report that, while artificially induced calcium signalling is sufficient to trigger mitotic entry, it is not sufficient to induce epithelial extrusion. Thus, in addition to calcium, other signals induced by Piezo1 or by other factors are necessary to trigger cell extrusion. Indeed, upon crowding Piezo1 induces the production of the lipid sphingosine 1-phosphate, which by activating the GTPase Rho is responsible for actomyosin contraction and cell squeezing [1] : this could therefore be the additional signal triggered by Piezo1 during cell extrusion.
In this scenario, Piezo1 would signal differently in sparse versus compacted cells. This might seem odd at first, although additional data from Gudipaty et al. [2] could be consistent with this model. The authors show that Piezo1 has a remarkably dynamic pattern of expression and localisation. In confluent cultures it accumulates in large intracellular structures, whereas upon stretching Piezo1 levels appear to drop substantially. In addition, the low levels of Piezo1 in sparse cultures redistribute from large intracellular blobs to finer granules and to the nuclear membrane and the plasma membrane. Thus, changes in levels and/or intracellular localisation may modulate Piezo1 activity. Perhaps relevant to this is the observation that signalling from another Piezo family member, Piezo2, has recently been shown to require phosphoinositides [13] . As these lipids have been suggested to form membrane microdomains [14, 15] , a redistribution of Piezo1 may well be a way to modulate its activity.
In addition to epithelial cell homeostasis, in recent years the Piezo family of stretch-activated channels has been implicated in diverse physiological processes, from somatosensation, including light-touch sensing and nociception, to hearing and to shear stress, both in muscles and in the vasculature [16] . Understanding the complex cell biology of Piezo1 that emerges from the new work by Gudipaty et al. [2] is no doubt going to be relevant to these other contexts as well. Epithelial cell stretching induces opening of the stretch-activated calcium channel Piezo1. Calcium influx activates the calcium-sensitive kinase ERK1, which in turn causes cells that were in the G2 phase of the cell cycle to enter mitosis. Through this mechanism, epithelia react to stretching with a quick burst of cell divisions that counters the decrease in cell density.
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Flying insect predators intercept their aerial prey with deadly precision. New research reveals that a tiny robber fly, with a brain smaller than a pinhead, achieves this using the same visual mechanism that we ourselves employ to catch a passing ball. Darwin's insight concerning the brains of ants was truly visionary, arguably the first recognition that the sheer mass of a nervous tissue is not the sole arbiter of behavioural or cognitive performance (as the remarkable higher cognitive abilities of 'small-brained' birds such as corvids are now confirming [2] ). Today, almost a century and a half later, Darwin's words about insects ring truer than ever: these and other arthropods are seen to be capable of extraordinary behavioural feats, seemingly disproportionate in sophistication compared to their small bodies and tiny brains. A remarkable study of the prey pursuit behaviour of the tiny North American robber fly Holcocephala fusca, published in this issue of Current Biology [3] , reinforces yet again Darwin's extraordinary insight.
Holcocephala is a ferocious aerial hunter ( Figure 1A ). Measuring just a few millimetres in length, Holcocephala detects passing prey, often approaching half its own body size, and takes off for the chase. Even though its eyes are tiny ( Figure 1B) , each smaller than a millimetre across, and its brain minute, the detection and pursuit of prey is an entirely visual behaviour. But despite this apparent lack of visual processing power, it turns out that the interception strategy used in this pursuit is remarkably similar to the one used by large-brained humans to track and intercept a moving ball, a feat that underscores how complicated behavioural tasks are often achievable with a minimum of neural tissue (as Darwin would no doubt have appreciated).
To explore the visual chasing behaviour of this tiny robber fly, Wardill et al. [3] attached a small round bead (of varying size, up to 4 mm in diameter) to a taut fishing line that quickly pulled the distant bead across a perched fly's upwardly directed visual field. These passing beads turn out to be highly attractive, and a nearby robber fly will routinely and repeatedly launch from its resting place on a nearby twig to pursue this irresistible moving target. The goal of these experiments was to characterise the tracking and interception behaviour of the fly and to determine the threshold size (and thus visual contrast) of the bead that was required to initiate the chase. The results they obtained were surprising: beads that subtended a mere 0. 13 at the eye were sufficient to initiate a chase. To put this into human terms, this is roughly the angular size of half a match head viewed at arm's length. For our large, high resolution eyes and sizeable brain, half a match head at arm's length is not too hard to see: but for Holcocephala's tiny compound eyes, this is a significant visual feat.
Part of their ability lies in the way the eyes are built. Like all compound eyes, those of Holcocephala are constructed of 'ommatidia', the optical building blocks of this type of eye [4, 5] . Each ommatidium is built of the same elements -an external six-sided corneal facet lens that focuses the incoming light, an internal crystalline cone lens directly below, and an underlying bundle of photoreceptors, each of which contains a thin cylindrical light-sensitive structure known as a 'rhabdomere'. A surrounding sheath of
